Development of process controls resulted in the production of active carbon electrodes that were sufficiently porous for high-rate discharge and that possessed inherent resistance to wetting without waterproofing.
In fact, the depth of wetting in the electrodes during immersion in 5.5 II NaOH at 45 0 C for 1 year was only 1/32 in. Supplemental waterproofing was included, however, in the process of manufacture.
Silver metal in concentrations up to 15 percent of the weight of carbon was found to be an effective catalyst for the decomposition of hydrogen peroxide. Silver was incorporated into the carbon stock by treatment with silver nitrate which was converted to silver oxide by immersion In the alkaline electrolyte. Alternatively, silver nitrate contained in the porous carbon was reduced thermally to metallic silver. After fabrication, the surface of the electrode was impregnated with silver salts. In view of Yeager's conclusion that activation polarization of the oxygen-peroxide couple on active carbon in alkaline solution is very small, the change in potential shown in figure 4 is to be ascribed to concentration polarization associated with the transport of oxygen through the electrode to the reaction zone and with the transport of reactants and products between the reaction zone and the bulk of the electrolyte.
The linear portion of the curve at current densities greater than 50 amp/ft indicates the presence of a resistive component at the higher current densities.
Current-potential curves made after a period of continuous discharge indicate that polarization tends to decrease for a period of time after which the potential stabilizes at a constant value. These effects are illustrated in figure 5, which indicates the polarization associated with the continuous discharge of a cathode at 100. amp/ft 2 . Although data are shown for a period of 4 months only, it is understood that electrodes fabricated by improved techniques should operate continuously for 8 or 9 months at 100 amp/ft 2 , and for more than 1 year at 50 amp/ft 2 .
Resistance
The loss in potential of porous carbon cathodes produced by the IR drop through the cathode is indicated in figure 6 for two current densities, namely, 50 and 100 amp/ft . At the higher current density, the IR drop is seen to increase by a factor of two over a period of 6 months when it became equal in magnitude to the polarization at 100 amp/ft 2 indicated in figure 4.
One factor that would account for the increased resistance is the movement of the electrolyte into the carbon electrode. As the active interface progressed inward, the electrolyte conductance path lengthened, whereas the electronic conductance path correspondingly shortened. Since the conductance of the electrolyte was only one-third the conductance of the electrode, the net result was increased electrode resistance. The amounts of oxygen consumed in the operation of the test cell were measured by metering the oxygen entering and leaving the cell during discharge at different current densities. The amounts of oxygen corresponding to 100-percent efficiency were calculated from the cell current corresponding to each current density and the duration of the discharge.
Life
In calculating the number of moles of oxygen actually consumed, it was assumed that hydrogen peroxide was decomposed completely and that utilization of all of the oxygen would require four electrons per mole of oxygen, and, therefore, an equivalent weight equal to one-fourth the molecular weight.
Average efficienoU.es calculated from data obtained with two types of cathodes gave values of 95 and 97 percent, the higher value being given by the more highly catalyzed cathode. Over the range of current densities used, with a maximum value of 175 amp/ft , the efficiency of utilization of oxygen was independent of current density.
In addition to the oxygen consumed electrochemically, additional amounts are required for operation of the cell, as for example, for purging the gas space behind each cathode. As oxygen is electrochemically consumed, any residue of inert gas, such as argon or nitrogen, however small in percentage with respect to the incoming oxygen, accumulates in the cathode chamber, thereby reducing the partial pressure of oxygen to the point where the amount of oxygen diffusing through the carbon to the reaction zone is insufficient to support the current. This condition is prevented in practice by purging the gas chambers behind each electrode continuously at a slow rate or by periodic rapid purges. According to Yeager (ref 11), the amount of oxygen required for purging may reach as high as 5 percent even though only 0.5 percent of argon is present in the oxygen.
Operation with Atmospheric Oxygen
The maximum current density that can be supported by carbon cathodes operating on air is limited by concentration polarization associated with the transport of air through the porous carbon electrode. This effect is illustrated in figure 7 in which are shown polarization curves of the oxygen-peroxide couple operating on air and ■ on pure oxygen. These data, which were taken from a report by Yeager For the preparation of double skeleton electrodes, equal quantities of nickel and aluminum are first alloyed to form Raney nickel. After crushing In a ball mill, the powdered alloy is separated into fractions according to particle size. A definite fraction is selected and mixed thoroughly with nickel powder (prepared from nickel carbon) in some definite proportion, as for example, one part of Raney alloy to two parts of nickel. The powdered mixture is poured into a mold and compressed into a disk 4 cm in diameter and 2 to 4 mm thick with a pressure of about 4000 kg/cm 2 . The disk is then sintered in an atmosphere of hydrogen for 30 min. at a temperature of 650° to 700° C. The aluminum contained in the Raney alloy is removed electrolytlcally by applying a positive potential to the electrode contained in a strong caustic solution.
Formation of a Stable Solution-Gas Interface
A sintered metal electrode prepared as described would not be suitable as a practical oxygen electrode in a fuel cell because the solution-gas interface would be unstable. Unlike a porous carbon electrode, in which the rate of penetration of the electrolyte is very slow, the sintered metal electrode would be quickly flooded with electrolyte unless a positive pressure of gas were continuously maintained. However, a stable Interface can be established by providing a finer pore structure In that part of the electrode which faces the electrolyte and a coarser pore structure In the other half.
The conditions under which a stable interface is formed in a complete sintered metal electrode have been represented graphically by Justi (ref 8) in figure 8 . Layer 2 represents the single layer electrode prepared as previously described.
If the operating gas pressure p is momentarily increased, the gas-liquid interface will tend to move Into the finer pore structure of layer 1, where the surface tension is sufficient to accommodate the higher pressure. Conversely, if the gas pressure is momentarily reduced, the solution-gas Interface will move into the coarser pore structure of layer 2. 
